Background: Intravenous tissue plasminogen activator (tPA) (0.9 mg/kg, maximum 90 mg) with a bolus of 10% of the total dose given within 1-2 mins is the standard therapy for patients receiving thrombolytic therapy. Low-dose (0.6 mg/kg) tPA is also approved for thrombolytic therapy for ischemic stroke patients. Low-dose tPA is associated with a low bolus dose. It is unknown whether increasing the bolus dose in patients receiving low-dose tPA thrombolysis may improve outcomes or increase the risk of hemorrhagic transformation (HT). Aim: This study investigated the impact of the bolus dose on the outcome in ischemic stroke patients receiving low-dose tPA thrombolytic therapy. Methods: In this retrospective, observational study, we enrolled 214 ischemic stroke patients receiving low-dose tPA thrombolytic therapy. Of these 214 patients, 107 patients received 10% of the total dose as a bolus dose, and 107 patients received 15% of the total dose as a bolus dose. The National Institutes of Health Stroke Score (NIHSS) were evaluated before tPA infusion, 24 h after thrombolytic therapy, and at discharge. Stroke severity was categorized as mild (0-5), moderate (6-14), severe (15-24), or very severe (≥25). Neurological improvement (NI) was defined as an improvement of 6 or more points in the NIHSS, and no response (NR) was defined as an increase in the NIHSS of ≤4 points or a decrease ≤6 points. Neurological deterioration (ND) was defined as an increase in the NIHSS >4 points. A good outcome was defined as a modified Ranking Score (mRS) of 0 or 1. We compared the NI, NR, and ND rates at 24 hrs after thrombolytic therapy and discharge between the 15% and 10% bolus dose groups. Results: In patients with mild and moderate stroke, there was no significant difference in the NI, NR, ND, and HT rates and 6-month outcomes between the 15% and 10% bolus groups. In patients with severe and very severe stroke, outcomes at 6 months were significantly better in the 15% bolus group than in the 10% bolus group. The factors affecting the outcomes of severe and very severe stroke patients are hypertension and bolus dose. Conclusion: In severe and very severe stroke patients receiving low-dose tPA thrombolytic therapy, a bolus dose of 15% of the total dose can improve outcomes.
Introduction
Intravenous (IV) tissue plasminogen activator (tPA) administered within 3 hrs of stroke onset has been used to treat ischemic stroke patients since 1992. 1 From then on, most infusion lasting 60 mins. [2] [3] [4] Owing to a higher symptomatic hemorrhagic transformation rate (sHT) in patients who received standard-dose tPA therapy, [5] [6] [7] a lower dose of tPA for ischemic stroke patients was suggested. 8, 9 Subsequently, the Japan Alteplase Clinical Trial (J-ACT) study reported that IV low-dose tPA (0.6 mg/kg) could offer both clinical efficacy and safety as a standard dose, 8 and the Japanese drug safety authority has approved the use of tPA 0.6 mg/kg for patients with ischemic stroke. Most previous studies investigating the effect of low-dose tPA were conducted according to the standard dosing guidelines, using 10% of the total dose as a loading dose of tPA. [10] [11] [12] Studies reported that the efficacy and safety of low-dose tPA were comparable with that of standard-dose tPA. [11] [12] [13] [14] [15] However, some studies reported that stroke patients receiving standard dose tPA had higher rates of favorable outcome and without significantly increased risk of symptomatic hemorrhage and mortality when compared with those of patients receiving low-dose tPA. [16] [17] [18] In the Enhanced Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED) study, the investigators compared the effect of low-dose (0.6 mg/kg) with standard-dose IV tPA on the outcomes in patients with ischemic stroke. The study used 15% of the total dose as a bolus dose in the low-dose tPA patient group. The authors could not confirm the superiority of a low dose to the standard dose in ischemic stroke patients. 18 The thrombolytic effect of tPA lasts for only 3.5 hrs, 19 and low-dose tPA is associated with a lower bolus dose. Theoretically, a higher bolus dose may have a higher recanalization rate, and a low dose may have a lower HT rate. However, no study compared the effect of different bolus doses on the outcomes in stroke patients. Whether higher bolus dose tPA may affect the outcomes in patients receiving low-dose tPA needs further investigation. The aim of the present study is to investigate whether a 15% bolus dose is better than a 10% bolus dose in patients receiving low-dose tPA infusion.
Methods
In this retrospective, observational study, we closely followed stroke patients and performed a retrospective analysis of the data. All data were drawn from the stroke registry database of a teaching hospital in central Taiwan. Since January 2007, we have regularly used tPA (0.9 mg/kg) for patients with acute stroke who are eligible for thrombolytic therapy. According to the guidelines for stroke management in Taiwan, a tPA dose between 0.6 mg/Kg and 0.9 mg/kg appears to be appropriate for ischemic stroke patients.
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A neurologist was consulted when patients presented to the emergency department with acute ischemic stroke within three h of stroke onset without contraindications to thrombolytic therapy. Based on the guidelines for stroke management in Taiwan, a low dose of tPA is feasible for thrombolytic therapy in stroke patients. From Apr 1, 2013 to Sep 15, 2016 , patients in whom thrombolytic therapy was feasible and received low-dose (0.6 mg/kg) tPA were given 10% of the total dose as a bolus. From Sep 16, 2016 to Dec 31, 2017, all ischemic stroke patients in whom thrombolytic therapy was feasible received 0.6 mg/kg tPA and 15% of the total dose as a bolus. Non-contrast brain computed tomography (CT) was performed for every patient before tPA infusion. A followup CT or magnetic resonance imaging (MRI) was performed 24 h after tPA infusion. The National Institutes of Health Stroke Score (NIHSS) was used to assess stroke severity. An NIHSS-certified physician or nurse at our stroke center evaluated the NIHSS before tPA infusion, 24 h after thrombolytic therapy, and at discharge. Stroke severity was assessed according to the NIHSS before tPA infusion. Stroke severity was defined as mild stroke (0-5), moderate stroke (6) (7) (8) (9) (10) (11) (12) (13) (14) , severe stroke (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) , and very severe stroke (≥25). 21 The patient's neurological condition was evaluated as described in our previous study. 3 Early neurological improvement (ENI) was defined as a decrease of more than 6 points (compared with baseline) or an improvement in the NIHSS of 0 or 1 within 24 hrs after tPA infusion. Neurological improvement (NI) was defined as a >6-point improvement (compared with baseline) or an improvement in the NIHSS of 0 or 1 at discharge. Neurological deterioration (ND) was defined as a >4-point increase in the NIHSS (compared with baseline) at discharge. END (early neurological deterioration) was defined as a >4-point increase in NIHSS (compared with baseline) within 24 h of tPA infusion. No response (NR) was considered as an increase in the NIHSS ≤4 or a decrease in the NIHSS ≤6. All brain CT and MRI scans were evaluated by a neurologist and an independent radiologist who was blind to the dose of tPA. Hemorrhagic transformation (HT) was defined as any sign of hemorrhage on follow-up CT or MRI scans. The modified Rankin Scale (mRS) was used to evaluate functional outcomes. Good and poor outcomes were defined as mRS ≤1 and mRS >1, respectively. This study was approved by the Ethics Committee of the Chia-Yi Christian Hospital (CYCH-IRB: 096022), and written informed consent was obtained from each patient or legal representative.
Statistical Analysis
The statistical significance of differences between bolus groups was analyzed using the chi-square or Fisher's exact test for categorical variables, the t-test for the time from stroke onset to tPA infusion (tPA time), and the 
Results

Patient Characteristics
From Apr 1, 2013 to Dec 31, 2017 in our hospital, 214 ischemic stroke patients received intravenous tPA (0.6 mg/kg) within 3 hrs of stroke onset. Of these 214 patients, 107 patients (bolus 1 group) received 10% of the total dose as a bolus, and 107 patients (bolus 2 group) received 15% of the total dose as a bolus dose within 1-2 mins and the remaining dose infusion within 60 mins. A follow-up MRI was performed in 77.6% (166/214) of these patients, and 22.4% (48/214) of patients received a follow-up CT. Patient characteristics are presented in Table 1 . The baseline stroke severity in the 214 included patients was mild stroke in 32, moderate stroke in 98, severe stroke in 71, and very severe stroke in 13 patients. In the 130 patients with mild or moderate stroke, there was no significant difference in risk factors for stroke including sex, age, hypertension, hyperlipidemia, and smoking between the 10% and 15% of total tPA dose groups (bolus 1 and 2 groups, respectively). The rate of diabetes mellitus (0.02) and NIHSS (<0.01) was higher in the bolus 1 group. In the 84 patients with severe or very severe stroke, there was no significant difference in the risk factors for stroke including sex, age, diabetes mellitus, hypertension, hyperlipidemia, atrial fibrillation, and smoking between the bolus 1 and bolus 2 groups. The tPA time was longer in the bolus 2 group (p = 0.02). All 214 patients were followed up for longer than six months.
Safety and Efficacy in Mild and Moderate Stroke Patients
Twenty-four hours after thrombolytic therapy, in the patients with mild and moderate stroke, the NI, NR, and ND rates were not significantly different between the bolus 1 and bolus 2 groups (p = 0.35). The NI was 33.3% (20/60), the NR was 63.3% (38/60), and the ND was 3.3% (2/60) in the bolus 1 group. The NI was 45.7% (32/70), the NR was 51.4% (36/70), and the ND was 2.8% (2/70) in the bolus 2 group. The NI, NR, and ND rates at discharge were also not significantly different between the bolus 1 and bolus 2 groups (p = 0.44). The NI was 56.7% (34/60), the NR was 40% (24/60), and the ND was 3.3% (2/60) in the bolus 1 group. The NI was 64.2% (45/70), the NR was 30% (21/70), and the ND was 5.7% (4/70) in the bolus 2 group. The HT rate was 3.3% (2/60) in the bolus 1 group and 10% (7/70) in the bolus 2 group (p = 0.17), and the difference was not significant. The outcome at six months after stroke onset was not significantly different between the bolus 1 and bolus 2 groups (p = 0.09): the good outcome rate was 61.7% (37/60) in the bolus 1 group and 75.7% (53/70) in the bolus 2 group. 
Safety and Efficacy in Severe and Very Severe Stroke Patients
In patients with severe and very severe stroke, the NI, NR, and ND rates at 24 hrs after thrombolytic therapy were not significantly different between the bolus 1 and bolus 2 groups (p = 0.19). The NI was 36.1% (17/47), the NR was 55.3% (26/47), and the ND was 8.5% (4/47) in the bolus 1 group. The NI was 54.1% (20/37), the NR was 43.2% (16/37), and the ND was 2.7% (1/37) in the bolus 2 group. The NI, NR, and ND rates at discharge were also not significantly different between the bolus 1 and bolus 2 groups (p = 0.67). The NI was 55.3% (26/47), the NR was 34% (16/47), and the ND was 10.6% (5/47) in the bolus 1 group. The NI was 64.9% (24/37), the NR was 27% (10/37), and the ND was 8.1% (3/37) in the bolus 2 group. The HT rate was 23.4% (11/47) in the bolus 1 group and 27% (10/37) in the bolus 2 group (p = 0.8). The 6-month outcome was better in the bolus 2 group (p = 0.004), and the good outcome rate was 10.6% (5/47) in the bolus 1 group and 37.8% (14/37) in the bolus 2 group (Table 2) .
Factors Affect Outcomes of Stroke Patients
In the univariate analysis, hypertension, atrial fibrillation, and the bolus dose affected outcomes in stroke patients, whereas sex, diabetes mellitus, hyperlipidemia, and smoking did not affect outcomes in those stroke patients (Table 3) . After multiple logistic regression analysis, sex, diabetes mellitus, hypertension, hyperlipidemia, smoking, atrial fibrillation, and the bolus dose all did not affect outcomes of patients with mild and moderate stroke. However, in patients with severe and very severe stroke, hypertension was associated with a higher risk of a poor outcome (p = 0.01, odds ratio [OR]: 6.16, 95% confidence interval [CI]: 1.55-24.4), and a bolus dose of 15% of the total tPA dose was associated with a lower risk of a poor outcome (p = 0.007, OR: 0.11, 95% CI: 0.03-0.58) ( Table 4) .
Discussion
Regarding the bolus dose in stroke patients receiving low-dose tPA infusion, our study has four important findings. First, the NI rate and ND rate were not significantly different between patients receiving 10% and 15% of the total tPA dose as a bolus. The patients' condition was the same at 24 hrs after thrombolytic administration and discharge. Second, the bolus dose did not affect the HT rate. Third, hypertension increased the risk of a poor outcome in severe and very severe stroke patients (OR: 6.16, p = 0.01). Fourth, a higher bolus dose (15%) can reduce the risk of a poor outcome (OR: 0.11, p = 0.007) in patients with severe and very severe stroke.
Previous studies investigated the effect of low-dose tPA in ischemic stroke patients and found that low-dose tPA had the same effect as the standard dose. 11, 12, 14 Studies found that ischemic stroke patients receiving low-dose tPA thrombolytic therapy might have a lower HT rate than patients receiving the standard dose, and the effect is not inferior to that of the standard dose. 10, 22 However, some studies found that stroke patients receiving standard-dose tPA therapy had better outcomes than those receiving low-dose tPA therapy. 15, 16 All previous studies about low-dose tPA thrombolysis in ischemic stroke patients used 10% of the total dose as a bolus dose. An international study (the ENCHANTED study) compared the effect of low-dose with standard-dose intravenous alteplase on the outcomes of patients with acute ischemic stroke. 18 The study used 15% of the total dose as a bolus in patients receiving 0.6 mg/kg tPA therapy and used 10% of the total dose as a bolus in patients receiving a standard dose infusion. The study reported that low-dose tPA significantly decreased the sHT rate and mortality rate within seven days, whereas the mortality rate at 90 days showed no significant difference between the low dose and the standard dose. However, they found a higher risk of moderate to severe functional disability in the low-dose group than in the standard-dose group, so they could not confirm that the low-dose was not inferior to the standard-dose in ischemic stroke patients. Our study found that 50.9% (109/214) of patients had good outcomes (mRS 0 or 1). In agreement with the ENCHANTED study, we found a higher good outcome rate in the 15% bolus group than in the 10% bolus group [62.6% (67/106) vs 39.3% (42/107)].
Our study showed HT rates of 6.92% (9/130) in mild and moderate stroke patients and 25% (21/84) in severe and very severe stroke patients. The latter was higher than the HT rate found by Mazya et al 7 who reported HT rates of 11% and 10.7% in patients with severe stroke (NIHSS 15─25) and very severe stroke (NIHSS >25), respectively. This difference may be related to a higher risk of HT in the Taiwanese population. 23 Our results showed that the most important factor affecting HT is stroke severity and that HT is not related to the bolus dose. This result differed from that of Mori et al, who found that no factors affected sHT. 24 We suspect that this difference was related to the fact that their study did not consider stroke severity. Our study showed that hypertension was associated with poor outcomes, and a 15% bolus dose was associated with a decreased risk of poor outcomes in severe and very severe stroke patients; however, this effect was not seen in patients with mild and moderate stroke. The results suggest that the bolus dose is an important factor that affects the outcome of thrombolytic therapy in ischemic stroke patients, because a bolus dose (15%*body weight [kg]*0.6 mg/kg) is the same as the bolus dose (10%*body weight*0.9 mg/kg). Therefore, a bolus of 15% of the total dose in patients receiving low-dose (0.6 mg/kg) tPA is the same as a bolus of 10% of the total standard dose (0.9 mg/kg). Our results suggest that severe and very severe stroke patients need higher bolus doses to increase reperfusion. The ENCHANTED study was the first study to use a 15% bolus dose in low-dose tPA patients, and they could not confirm the non-inferiority of low-dose tPA to the standard dose. We found a 15% bolus of the total dose to be beneficial to severe and very severe stroke patients but not to mild and moderate stroke patients. It is possible that the ENCHANTED study would have reached a different conclusion if they had considered stroke severity. The present study has several limitations. First, this was not a randomized study. We prospectively followed patients and retrospectively analyzed the data. However, our stroke registry is a detailed and accurate record of patient conditions, and our data has been cited in many studies. Second, patients who received a 10 mg/kg bolus dose were treated before those who received a 15% bolus dose. Whether this may have resulted in bias is unclear. However, in our stroke center, all patients were treated according to the same protocol except for the bolus dose. Third, this was a single-center study with a relatively small number of patients. Fourth, we did not include patients who received thrombolytic therapy more than 3 hrs after stroke onset.
In conclusion, severe and very severe ischemic stroke patients receiving low-dose tPA thrombolytic therapy with 15% of total dose as a bolus have better outcomes and are not at an increased risk of HT compared with those receiving a 10% total dose as a bolus. A higher bolus dose (15%) can improve outcomes and does not increase the HT risk in severe and very severe stroke patients receiving lowdose tPA thrombolytic therapy.
